Pachycereus marginatus (DC.) Britton & Rose and Ibervillea sonorae (S. Watson) Greene have been used in the Mexican traditional medicine for the treatment of various diseases, including cancer. The present study aims to investigate the cytotoxic activity of these plants against a murine lymphoma. Soxhlet extraction of dried and powdered plant material was performed with methanol. Also, a further partitioning of these methanolic extracts with hexane and ethyl acetate was achieved. The in vitro cytotoxic activity against the murine lymphoma L5178Y-R cell line was assessed via the colorimetric MTT assay. The methanol extract from P. marginatus exhibited high cytotoxic activity (up to 94%) at concentrations ranging from 3.9 to 500 µg/mL; however, hexane and ethyl acetate partitions from this methanolic extract showed lower but significant (p < 0.05) concentration-dependent cytotoxicity (hexane partition up to 94% at 500 µg/mL; ethyl acetate partition up to 94% at 65.5 µg/mL). The methanolic extract and partitions derived from I. sonorae also showed significant (p < 0.05) and concentration-dependent cytotoxicity against L5178Y-R cells at concentrations ranging from 7.81 to 500 µg/mL (methanolic extract up to 63% at 500 µg/mL; hexane partition up to 76% at 250 µg/mL; ethyl acetate partition up to 73% at 500 µg/mL). These results demonstrate that the methanol extracts and partitions from P. marginatus and I. sonorae possess significant cytotoxic activity against the murine lymphoma L5178Y-R and validate the ethnobotanical use of these plants for the treatment of diseases consistent with cancer symptomatology. Previous scientific reports describe the isolation of isoquinoline alkaloids of P. margi-* Corresponding author.
Introduction
Cancer is a worldwide disease that is one of the leading causes of death [1] . In 2012 there was reported an estimate of 14.1 million adults diagnosed with cancer around the world and 8.2 million of deaths from this condition in the same year [2] . Its ascending frequency and global distribution, ignoring gender or age, encourage researchers to seek new alternatives that contribute to actual anticancer therapies [3] .
As in other developing countries, cancer incidence and mortality have been on the rise in Mexico [4] , where a large section of the population uses herbal medicines for the treatment of several diseases [5] . Three hundred plant species belonging to 90 botanical families used for cancer treatment have been recorded in Mexico, of which only 181 have been experimentally analyzed. The remaining 119 plant species are being used in the empirical treatment of diseases consistent with cancer symptomatology [6] .
Some studies have reported the use of aqueous extracts of Cactaceae and Cucurbitaceae, recollected in desert areas of North Mexico, for the treatment of malignant and benign tumors. The patients received phytotherapy as only causal treatment. This therapeutic approach has demonstrated no adverse reactions or clinical and laboratory events, improving the quality of life and survival [7] .
The aim of this work is to evaluate the possible cytotoxic activity of Pachycereus marginatus (DC.) Britton & Rose (cactacea) and Ibervillea sonorae (S. Watson) Greene (cucurbitacea) against the L5178Y-R murine lymphoma. These plants are commonly found in popular markets in Mexico, and their ethnobotanical use includes the treatment of cancer [6] , but until now there are no sufficient scientific studies available related to their use against said disease.
Pachycereus marginatus
Pachycereus marginatus (Figure 1(a) ) is a columnar cactus known in Mexico as "Órgano, Chilayo or Orégano de zopilote" [8] [9] , and it is used popularly as living fence. Flowers and fruits are edible. From the stems a dye is prepared for hair coloring, giving an intense black color [10] . The bark is used for the treatment of kidney and bladder problems in the form of poultices placed at the height of the affected region. The sap of the plant is rubbed on the skin in case of loss of hair, skin infections and dryness problems. It is also used as a disinfectant and for the healing of wounds [11] . P. marginatus is often confused with Lophocereus schottii (Engelm.) Britton & Rose, species used by the Mayos tribe of the Mexican State of Sonora for the treatment of cancer [12] [13].
Ibervillea sonorae
Ibervillea sonorae (Figure 1(b) ), popularly called in Mexico "Guareque, Wareque, Wareke, Guereque or Wereke", is an interesting Cucurbitaceae because of the rapid change in its ethnobotanical use [14] [15] . The root of this plant was considered an effective therapeutic resource in dermatological care in the indigenous area mayoyoreme in the Mexican State of Sinaloa and oral ingestion was not advisable, as being a plant with an extremely bitter taste and cathartic activity [16] . As of the nineties of the last century the use of the Wereke for the treatment of diabetes is being reported, initially in the natural distribution area of the species and by the time in other Mexican regions [17] . 
Methods and Materials

Plant Material
Preparation of Plant Extracts
Vegetal material of the selected plants was cleaned, dried at room temperature and powdered. The extraction was carried out with methanol as unique solvent. 188 g of P. marginatus were extracted with methanol, using a Soxhlet equipment for 40 h (4 portions of ca. 47 g, each charge with 600 mL solvent). After filtration, the solvent was removed under reduced pressure. With the same procedure, 52 g of I. sonorae were extracted with 600 mL methanol. These methanolic extracts were submitted to a partition with n-hexane and ethyl acetate as described by Pérez-Castorena et al. [18] . Each extract was dissolved in 200 mL methanol in a 500 mL separating funnel. Then, 200 mL hexane was added and stirred vigorously. After the formation of the two immiscible phases, the hexane phase (upper phase) was separated from the methanolic solution. This process was performed in triplicate. Finally, the hexane partition was concentrated under reduced pressure. The recovered methanolic phase was concentrated up to a volume of approximately 50 mL and was dissolved in 150 mL of distilled water. This aqueous methanol solution was transferred to a 500 mL separating funnel, added 200 mL of ethyl acetate and stirred vigorously. After the formation of the two immiscible phases, the ethyl acetate phase (lower phase) was separated. This process was performed in triplicate. The recovered ethyl acetate partition was concentrated in vacuum. Yields are shown in Table 1 . 10 milligrams of each extract was dissolved in 10% aqueous ethanol to give a solution stock of 1 mg/mL. These solutions were sterilized by filtration using sterile 0.22 µm pore size filters (Merck Millipore, Co.) and submitted to cytotoxic assays.
Reagents, Culture Media and Cell Lines
Penicillin-streptomycin solution, L-glutamine, and RPMI 1640 were obtained from Life Technologies (Grand Table 1 . Direct methanol extraction and partitions of P. marginatus and I. sonorae. 
Effect of Extracts on Murine Tumor Cell Growth
L5178Y-R is a cell line derived from a lymphoma induced in female DBA/2 mice treated with 3-methylcholanthrene and has been maintained by passes in vivo in its syngeneic host. The cells are resistant to X-rays but sensitive to UV radiation, also are sensitive to antineoplastic drugs, so they are ideal for cytotoxic activity assessments [19] .
To determine the direct in vitro cytotoxic effect of the extracts, exponentially growing lymphoma L5178Y-R cells [20] were plated at 5 × 10 4 cells/mL in flat-bottomed 96-well plates (Becton Dickinson, Lincoln Park, NJ) in 100 µL of complete RPMI 1640 medium. These tumor cell cultures were then incubated for 44 h at 37˚C in 5% CO 2 in the presence of different concentrations, ranging from 3.9 to 500 µg/mL of the extracts in a volume of 100 µL. The extracts were dissolved in 10% ethanol as explained previously, and vehicles were tested using the same concentration of the solvent but without the extract. Vincristine was used as positive control. After incubation, 15 µL of MTT (0.5 mg/mL final concentration) were added to all wells, and cultures were additionally incubated for 4 h. Next, the plates were decanted and added 80 µL of DMSO to each well. Optical densities were then read in a microplate reader (Bio-Tek Instruments, Inc., Winooski, VT) at 570 nm. The percentage of cytotoxicity was calculated as follows:
% Cytotoxicity 100 A in extract treated cells A in untreated cells 100
Statistics
Results are expressed as mean ± SEM of the response of 3 replicate determinations per treatment. Level significance was assessed by Dunnet's t-test. P < 0.05 was considered significant.
Results
The in vitro cytotoxic effect of methanolic extracts and partitions of the Mexican plants Pachycereus marginatus (DC.) Britton & Rose and Ibervillea sonorae (S. Watson) Greene against lymphoma L5178Y-R cells was evaluated. As shown in Figure 2 , the crude methanol extract derived from P. marginatus revealed a remarkable cytotoxic activity against the L5178Y-R cell line with an inhibition up to 92% at the lowest concentration tested (3.9 µg/mL), and it kept this high activity up to the largest concentration of 500 µg/mL. The partitions derived from the methanolic extract of P. marginatus showed lower cytotoxicity at the lowest concentration tested (hexane up to 16%; ethyl acetate up to 7%). On the other side these partitions showed significant (p < 0.05) and concentration-dependent cytotoxicity against L5178Y-R cells at concentrations ranging from 7.81 to 500 µg/mL (hexane partition up to 94% at 500 µg/mL; ethyl acetate partition up to 94% at 65.5 µg/mL). The partitions from P. marginatus showed lower cytotoxic activity than the original methanolic extract at the same concentrations.
The methanolic extract of I. sonorae (Figure 3 ) demonstrated a little activity, with an inhibition of 6% at 3.9 µg/mL, but on the other side showed significant (p < 0.05) and concentration-dependent cytotoxicity against L5178Y-R cells at concentrations ranging from 7.81 to 500 µg/mL (up to 63% at 500 µg/mL). Hexane partition derived from the methanolic extract of I. sonorae did not show cytotoxic activity against the L5178Y-R cell line at the lowest concentration tested (3.9 µg/mL), whereas the ethyl acetate partition showed 31% inhibition at this concentration. Both partitions showed significant (p < 0.05) and concentration-dependent cytotoxicity against L5178Y-R cells at concentrations ranging from 7.81 to 500 µg/mL (hexane partition up to 76% at 250 µg/mL; ethyl acetate partition up to 73% at 500 µg/mL). The partitions from I. sonorae showed higher cytotoxic activity than the original methanol extract at the same concentrations.
Discussion
Medicinal plants have played a significant role in the discovery and development of new therapeutic drugs [21] . In the last three decades the interest in phytochemicals and their possible applications in the pharmaceutical industry has been reborn [22] [23] . Nowadays, approximately 30% of drugs used in industrialized countries come 
Methanol
Hexane partition EtOAc partition from plants or are derived from plant secondary metabolites [24] . Some plants have proven to be an important source of anticancer compounds [25] . A successful case of natural anticancerous agent is Paclitaxel (Taxol), a diterpenoid isolated from the bark of Taxus brevifolia [26] .
Pachycereus marginatus
According to the results mentioned above, and taking into account that Vincristine control caused up to 81% cytotoxicity against L5178Y-R cells at a concentration of 31.25 µg/mL (data not shown), the crude methanol extract of Pachycereus marginatus (DC.) Britton & Rose revealed a substantial cytotoxic effect against the murine lymphoma L5178Y-R (94% cytotoxicity at 31.25 µg/mL) ( Table 2 ). As shown in Figure 2 , in general, the partitions derived from the methanol extract of P. marginatus showed lower cytotoxic activity than the original extract at the same concentrations. At low concentrations (3.9 to 15.62 µg/mL) the hexane partitions showed higher cytotoxicity (up to 37%) than the ethyl acetate partitions, but starting from 31.5 µg/mL this situation was reversed and the partitions of ethyl acetate significantly increased their cytotoxic against the murine lymphoma L5178Y-R (up to 94%) with respect to the hexane partitions. At 31.25 µg/mL, no partition of P. marginatus surpassed the cytotoxic activity of Vincristine control (hexanepartition up to 35%; ethyl acetate partition up to 53%; Vincristine up to 81%). This relationship between cytotoxicity and concentration of methanol extract and partitions of P. marginatus suggests that the plant possesses active compounds of a wide range of polarities and that they work synergistically to confer its high activity to the crude methanolic extract, even at the lowest concentrations tested (3.9 to 31.25 µg/mL). The Cactaceae family comprises more than 1500 species, but until recently only a few of them have been tested for their chemopreventive and anticancer attributes [27] . Mexico has the greatest richness of these plants, with 913 taxa, 80% of which are endemic to the country [28] . It has been reported the biological activity of aqueous extracts of Lophocereus schottii, a cactus phylogenetic related to P. marginatus [29] , against bacteria of medical importance and the human cervical cancer HeLa cell line [30] . Orozco-Barocio et al. [31] validated that the ethanolic extract of L. schottii had an effect on L5178Y murine cells lymphoma. There is to date no report of similar biological activity of P. marginatus.
As said before, phylogenetic studies have shown that P. marginatus is highly related to Lophocereus schottii, and their relationship became more evident due to similar results on chemotaxonomic experiments. Similar alkaloids have been isolated from both cacti [32] [33] . Cactus alkaloids are of simple chemical constitution. They are either substituted β-phenylethylamines, tetrahydroisoquinolines or 1-methyltetrahydroisoquinolines [34] . The alkaloids of L. schottii and P. marginatus, however, are unique among the isoquinoline alkaloids by having an isobutyl group at C-1 [35] , e.g. lophocerine and pilocereine, the last one being trimeric and is presumed to arise from lophocerine [36] .
Isoquinoline alkaloids isolated from different natural sources have shown important cytotoxic and anti-carcinogenic activities [37] [38] . Lophocerine and pilocereine (compounds of high polarity), both found in L. schottii and P. marginatus, might be responsible for the cytotoxic activity of these cacti. 
Ibervillea sonorae
Ibervillea sonorae (S. Watson) Greene biological results reveal a lower cytotoxicity in comparison to the cactus, but important as well (38% cytotoxicity at 31.25 µg/mL; Vincristine control up to 81% at the same concentration) ( Table 3) . As shown in Figure 3 , in general, the partitions derived from the methanol extract of I. sonorae showed higher cytotoxic activity than the original extract at the same concentrations. At low concentrations (3.9 to 7.81 µg/mL) the ethyl acetate partitions showed higher cytotoxicity (up to 38%) than the hexane partitions, but starting from 15.62 µg/mL this situation was reversed and the partitions of hexane significantly increased their cytotoxic activity (up to 67%) with respect to the ethyl acetate partitions. At 31.25 µg/mL, no partition of I. sonorae surpassed the cytotoxic activity of Vincristine control (hexanepartition up to 56%; ethyl acetate partition up to 37%; Vincristine up to 81%). These results might indicate that the active compounds in I. sonorae are those of low and medium polarity.
Cucurbitaceae, commonly known as cucurbits or gourds, are a family of 95 genera in 15 tribes comprising 940 to 980 species that are essentially distributed in the tropical and subtropical regions, with hotspots of diversity in Southeast Asia, West Africa, Madagascar, and Mexico [39] . There are about 148 species of Cucurbitaceae in Mexico [40] . Although the roots and the fruits of these Cucurbitaceae species are very bitter, they have been used as folk medicines in some countries because of their wide spectrum of pharmacological activities such as anti-inflammation and anticancer effects.
Ibervillea sonorae has been used mainly to treat diabetes due to its hypoglycemic activity [41] - [43] . RuizBustos et al. [44] evaluated the antimicrobial activity of I. sonorae against fungi as well as Gram-positive and Gram-negative bacteria. The cytotoxicity of aqueous extracts of I. sonorae against human cervix cancer and human breast cancer has been investigated [45] , and a recent study showed that the methanol extract and hexane and ethyl acetate fractions of I. sonorae exhibit potent anti-proliferative activity against HeLa, M12AK.C3F6, A549, and RAW 264.7 cancer cell lines [46] . Nevertheless, its cytotoxicity against L5178Y-R has never been established up to now.
During the last decades, a large number of cucurbitacins have been isolated from various plant species belonging to the Cucurbitaceae. More than 50 cucurbitacins have been identified, and they exhibit a wide variety of biological activities that include, but are not limited to, cytotoxicity, antiproliferation, anti-inflammation, antioxidant, antihepatotoxicity, antibacterial and antiviral properties, as well as antimetastatic properties and improved anticancer activity when combined with current chemotherapies [47] - [49] . In the last ten years, cucurbitacins have shown to inhibit proliferation and induced apoptosis utilizing an extended array of in vitro and in vivo cancer cell models [50] [51] .
From I. sonorae many cucurbitanes and cucurbitane-type glycosides have been isolated, e.g. Kinoins A-C [46] [52]- [54] and these cucurbitacins (compounds of medium polarity) might be responsible for the cytotoxic activity of I. sonorae observed in this research. 
Conclusion
The studies presented in this article unveil the extraordinary therapeutic potential of two Mexican desert plants.
The results demonstrate that the methanol extracts and partitions from P. marginatus and I. sonorae possess cytotoxic activity against the murine lymphoma L5178Y-R and may validate the ethnobotanical use of these plants for the treatment of diseases associated with cancer [7] . Cancer prevention or chemotherapy based on extracts or pure compounds derived from desert plants with known cancer-inhibiting properties might lead to promising alternatives to current cancer therapy. The cytotoxic activity of these plants could arise due to the occurrence of isoquinoline alkaloids in P. marginatus as well as cucurbitacins in I. sonorae, as is described in the scientific literature. Whereas single targeted chemotherapeutic drugs commonly lack efficacy and invoke drug resistance and adverse effects in cancer patients, traditional herbal medicines are seen as bright prospects for treating complex diseases, such as lymphoblastic leukemia, in a systematic and holistic manner [55] - [57] . Further studies on the mechanisms of biological effects by which the extract exerts their cytotoxic effects are necessary. Given the high increase in the main types of cancer, it also needs to intensify studies on the capabilities of desert plants for the combat of this disease.
